Physical inactivity and related diseases are of global public health concern. In many developing countries, levels of health promoting physical activity (PA) are falling despite government initiatives. Previous work has identified that periods of transition across a life course, or 'life-change events' have implications for drop out from PA. As yet, there has been little work to understand the life course as a whole and to furnish a complete list of possible life changes that might affect participation in PA. Our paper presents a review of the published literature in which life events have been studied in relation to their effect on participation in PA. A literature search was conducted for papers published between 1977 and April 2007 and referenced in Pubmed. Papers were reviewed if they; reported the effect of a life-change event; had PA as an outcome; reported results in English; and reported results from observational studies. The references for studies identified during this first phase were searched for further papers. Eightyseven papers were identified as potentially relevant on the basis of title, of which 19 papers met the inclusion criteria on the basis of full text. Five life changes were identified; change in employment status; change in residence; change in physical status; change in relationships; and change in family structure. It was noted that few longitudinal studies examined PA both before and after a life event. A list of possible life events which might effect participation in PA is presented. This paper represents a first step towards a detailed programme of work on life-change events and PA.
INTRODUCTION
The importance of physical activity (PA) to a healthy, balanced lifestyle is generally well accepted. These benefits include improved psychosocial health, functional ability and general quality of life (Powell and Pratt, 1996) , reduction in risk of coronary artery disease (Batty and Lee, 2004) and some cancers (Batty and Thune, 2000) . Conditions which are known to be associated with decreased PA include obesity, hypertension, diabetes, back pain, poor joint mobility and psychosocial problems (Francis, 1996; World Health Organization, 1997; Kiess et al., 2001; Department of Health, 2004) .
For developed countries, physical inactivity is a major public health challenge. Within the USA, the rate of childhood obesity is expected to reach 40% in the next two decades (Kopelman, 2000) and type 2 diabetes is expected to affect 300 million people worldwide within the same time (Zimmet, 2003) . The Chief Medical Officer for the UK described physical inactivity within developed countries as both a major public health challenge and as an epidemic (Department of Health, 2004) .
In the UK, the government has set a target for '70% of the population to be reasonably active (for example, 30 min of moderate exercise five times a week) by 2020 ', p. 15 Health Promotion International, Vol. 23 No. 2 # The Author (2008) . Published by Oxford University Press. All rights reserved. doi:10.1093/heapro/dan012
For Permissions, please email: journals.permissions@oxfordjournals.org Advance Access published 25 March, 2008 (Department for Culture Media and Sport Strategy Unit, 2002; Department of Health, 2004) . Given that only 37% of men and 24% of women in the UK currently meet this benchmark; this target might be considered quite ambitious (Allender et al., 2006b) . Further, evidence from the Health Survey for England (Joint Health Surveys Unit, 2004) shows that the number of physically inactive people (less than one occasion of 30 minutes activity per week) was increasing and that this trend was consistent for both genders and across all age groups (Allender et al., 2006c) .
Using cross-sectional data, Allender et al. (in press) found, at particular times of life, large reductions in PA among people living in the UK. Among men, there was a large reduction in PA around the time of retirement, with those of retirement age (65-74) 23% less likely to meet the PA target than those men aged 55 -64. For women, 69% of those aged 15 were meeting government PA guidelines but for women aged 16-24 only 25% met the guideline (Allender et al., 2006c) . Although ageing is likely to have some effect on the physiological ability to participate in some forms of activity (Slingerland et al., 2007) there are social factors which may mediate this relationship. One hypothesis is that there are particular times of life, or life events, which have an adverse effect on participation in PA.
A systematic review of qualitative research into barriers and motivations to PA found that life circumstances have an effect on people's participation in PA (Allender et al., 2006a) . This review found that among teenagers and young women these changes include the transition from childhood to adulthood, changing schools, first time employment and changing tastes for types of activity with age. Generally life changes were found to have a negative effect on participation in PA. Among adults and older adults these changes in life circumstances included becoming disabled and the death of a spouse or partner (Cooper and Thomas, 2002) .
In developed countries such as the UK or Australia, levels of PA have been low and it is important to understand how life events may impact on participation in PA. The first step is to identify previous studies which have examined this relationship. This paper reports on a review of the published literature reporting studies on the effects of life events on participation in PA. In this paper, we summarized the findings of previous studies which have a life event as the exposure and PA as an outcome to develop a list of the life events covered in the peer-reviewed literature.
The research question informing this review was: 'What different life events have been studied in the peer-review literature with participation in PA as the outcome?'
METHODS
The MeSH dictionary in Pubmed was used to identify search terms for this review (Table 1) . The search terms were truncated and wild cards were used to remove the necessity for Americanized spelling and the likelihood of typing errors in keywords, reducing the number of hits.
The QUORUM statement in Figure 1 summarizes the review process. The literature search was conducted in two phases. In the first phase, a full PubMed (1977 to April 2007) search was conducted and papers were excluded from the review if the reported study:
(i) did not report the effect of a 'life-change event' or change in life circumstance. (ii) did not include participation in PA as one of the measured outcomes. (iii) did not report results in English (for pragmatic reasons). (iv) did not report results from observational or descriptive studies.
In the second phase, the references of studies included in the first phase were Potentially relevant papers were sourced and subject to the same inclusion criteria as those detailed above.
The final data corpus for review thus comprised all papers meeting the inclusion criteria either from the initial Pubmed search or referenced in this initial batch. A data extraction tool was adapted from previous systematic reviews (Foster and Hillsdon, 2004) . This tool collected information from each study included in the review on; study aim; research question; participants; target group; methods; main findings; references to check; notes; quality; and life events covered.
Phase one. The initial Pubmed search identified 64 potentially relevant papers, of which 11 were retained (Figure 1 ). The majority of those rejected at this step either did not include PA as a measure or did not report on a life-change event.
Phase two. A further 23 potentially relevant papers were identified from the references of the 11 papers included in phase one of the review (Figure 1 ). Of these eight were retained with the majority excluded because they did not include PA as a measure.
After both phases of the selection process, a total of 19 papers met the inclusion criteria for the review. This number included six review studies.
RESULTS
It became clear over the course of the review that a number of observational cross-sectional studies examined the relationship between PA and life course events at one point in time. These papers would typically take the form of recall either of PA status or life-change events or both over a long period of time (e.g. Courneya and Friedenreich, 1997; Mooy et al., 2000) .
We identified five broad areas of life event within the papers reviewed. These were: change in employment status; change in residence; change in physical status; change in relationships; and change in family structure. Detailed results are presented in Table 2 .
Change in employment status
Three studies examined change in employment status and subsequent participation in PA. Participants in all three studies were Australian women; two studies (Brown and Trost, 2003; Bell and Lee, 2005) reported different analysis of the same dataset while the third analysed a subset of this data (Bell and Lee, 2006) . In a 4-year follow-up study, Brown and Trost (2003) found that levels of PA decreased in women who had begun paid work during the study period. This result was not affected by age, income, educational attainment, language spoken at home, BMI at follow-up or baseline PA. Bell and Lee (2006) supported this finding and also found that employment was a factor in PA participation. In Bell's study of 853 Australian females aged between 22 and 27, females who began work at an earlier age (e.g. at age 18) were less likely to be physically active than those women who begun paid employment later in life (e.g. at age 23). In a cross-sectional study of 8454 Australian 20 -27 year old females, Bell and Lee (2005) found an association between unemployment and low PA. It should be noted that this association was not observed in the longitudinal data collected from the same women. These authors identified a relationship between unemployment, and moving from unemployment to employment at a young age, and physical inactivity. It is important to note that these studies all focus on Australian younger women.
Change in residence, place and circumstance Two studies investigated change in residential status and PA among women (Bell and Lee, 2005; Butler et al., 2004) . Neither study examined residential change alone; Bell investigated residential change to cohabiting live-in relationships whereas Butler studied diet, PA and prevalence of obesity associated with residential change during the transition from secondary school to university. Both studies found that a change in residential status was associated with a decrease in PA. Through analysis of longitudinal data over 4 years from a study of Australian women Bell and Lee (2005) found that moving to a live-in relationship was associated with a decrease in PA. Butler et al. (2004) undertook a 5-month follow-up study which concluded that relocation from home to university led to a decrease in PA. Although the decrease in PA observed by Butler et al. did not reach statistical significance, the authors argue that an observed significant increase in weight was likely to be related to a decrease in PA. Both studies suggest that change in residence may lead to a decrease in PA among young women.
Change in physical status
A number of studies examined the relationship between particular changes in physical status Life events and participation in physical activity 163 and PA. These included studies on the effects of pregnancy, disease (such as cancer) and illness and disability during childhood.
Pregnancy
Two studies identified in the review examined the effects of pregnancy upon PA participation; findings from these studies suggest that pregnancy has no major impact upon PA levels. It is important to note that neither study measured PA in participants before pregnancy but rather they relied on participant recall. Grace et al. (2006) followed 42 pregnant women through maternity leave and return to work and compared them with 201 non-pregnant co-workers. This study found no significant change in the mean PA score during pregnancy when compared with the postpartum period. There was no observed difference in mean PA between the maternity group and the control group. Devine et al. (2000) , in a qualitative analysis of women from pregnancy through to 6 months postpartum, found that pre-pregnancy orientations towards bodyweight emerged as the primary influence on women's postpartum attitudes towards weight, on patterns of PA and diet and on postpartum weight outcomes among most study participants. As neither study measured pre-pregnancy PA participation, and both finished data collection in the postpartum period, it is difficult to draw any conclusions about the longitudinal impact of pregnancy upon PA.
Cancer
Four studies investigated the effect of cancer diagnosis or treatment on participation in PA. Two studies examined patient's perceived levels of physical exercise before and after a cancer (Courneya and Friedenreich, 1997; Blanchard et al., 2003) . Two more longitudinally examined the effect of cancer survival on participation in physical exercise (Pinto et al., 2002; Satia et al., 2004) . Both Blanchard et al. (2003) and Courneya and Friedenreich (1997) conducted retrospective studies of exercise participation among cancer survivors and both found that participants reported a decrease in exercise levels from pre-and post-diagnosis. Courneya and Friedenreich (1997) studied 130 survivors of colorectal cancer and while the participants reported an increase in exercise post-diagnosis and a second increase post-treatment, objective measurement using the leisure score index of the Godin Leisure Time Exercise Questionnaire showed that exercise levels had remained the same or decreased since pre-diagnosis. Although the two studies show a decrease in PA post-diagnosis, they come from selfreported retrospective findings, which are often unreliable.
In a study of 69 women who had completed treatment for stage 0-2 breast cancer, Pinto et al. (2002) found no change in exercise participation over a 12-month follow-up posttreatment. In contrast, the study of 278 cancer survivors conducted by Satia et al. (2004) reported an increase in PA participation over a 2-year period of follow-up. The Satia study needs to be interpreted with caution, however, because the group of 459 population-based controls also increased their levels of PA, second there was no difference between PA levels between controls and cancer survivors, suggesting that the change in disease state among the cancer survivors may not be related to the change in PA status. A second caveat to interpreting these studies is that they did not measure PA pre-diagnosis. Because none of the studies identified in the review measured PA participation before cancer diagnosis as well as post-treatment no firm conclusions can be drawn on the effects of cancer diagnosis upon subsequent PA participation.
Childhood illness/disability
We identified one study which examined the relationship between childhood illness and subsequent effects on PA in adulthood. Kuh and Cooper (1992) reported results from a birth cohort study of 3500 men and women at age 36 and showed that for all adults who had suffered a physical disability by the age of 13 years, and for women who had suffered a serious illness during childhood or adolescence, there were reduced levels of PA when compared with their healthier counterparts.
Change in relationships
Four longitudinal studies were identified which examined the effect of relationship transitions upon PA participation. The relationship transitions examined in these studies included change from being single to married and from Life events and participation in physical activity 169 being married to single (either by divorce, separation or widowhood) (Umberson, 1992; King et al., 1998; Brown and Trost, 2003; Bell and Lee, 2005) . Two of these studies (Brown and Trost, 2003; Bell and Lee, 2005) used data from the Australian Women's Longitudinal Health Survey (AWLHS). Umberson (1992) was the only study to examine the effect of widowhood on levels of PA.
Single to married
The AWLHS study involved more than 7000 women aged 18-23 years followed up over a period of 4 years. Both Bell and Lee (2005) and Brown and Trost (2003) rely on data from this study to show that marriage led to a decreased participation in PA among young Australian adult females. King et al. (1998) reported results from a 10-year study of 558 participants aged 25 -75 which aimed to evaluate the effect of a marital transition on PA. This study found no difference between transition groups in terms of overall PA participation.
They did find that participants who became married displayed a unique pattern of behaviour; a decline in PA during the pre-marriage period, followed by a relative levelling off in the post-marriage period. It may be that Lee (2005) andBrown and Trost (2003) , reporting data collected over a shorter period (4 years), were in fact observing this postmarital dip reported by King et al. (1998) .
Married to single
There appeared to be either a small reduction or no change in PA when moving from being single to married. In a 3-year study of almost 2800 participants aged 24 or older at baseline, Umberson (1992) found that levels of PA among men were likely to be reduced after divorce. No such pattern was observed among women. The same study found cross-sectional associations between widowhood in men and decreased participation in PA.
Change in family structure
The only change in family structure studied in terms of subsequent effect on participation in physical exercise was becoming a parent. Three studies found that parenthood was associated with decreased PA participation. Bell and Lee (2005) and Brown and Trost (2003) , both using the AWLHS, found that becoming a mother for the first time led to decreased PA participation over a 4-year follow-up period. An 18-year follow-up of 435 students aged 16 at baseline in Sweden (Barnekow-Bergkvist et al., 1996) found that having a first child before the age of 34 was associated with inactivity, particularly among women.
DISCUSSION
We set out to identify which life events had been studied in relation to participation in PA in the peer-review literature. We found 19 papers in the literature that covered a range of life events which we categorized under five broad categories; change in employment status; change in residence; change in physical status; change in relationships; and change in family structure.
Our study is the first of its kind to try and bring together the disparate literature on lifechange events and PA status. Most studies reviewed examined one or two life-change events with relation to PA. Typically these are done as a secondary analysis with data that were collected as part of a larger study. Two of the three longitudinal studies and all three of the studies conducted in the past 10 years that focus on young adult females used the same dataset, the AWLHS (Brown and Trost, 2003; Bell and Lee, 2005) . Although the AWLHS collects detailed information on the biological, psychological, environmental, social and economic factors relevant to women's health to determine their interactions and the determinants of physical and mental health (Bell and Lee, 2006) , it remains one of the few data sources used in studies of life events (see http:// www.awlhs.org.au/). We would argue that further studies involving a broader range of participants are required to expand our understanding of the influence of life events on subsequent PA status.
This review was limited to literature first identified in PubMed and second to studies identified in those papers returned by the PubMed search. A more thorough review might include other databases such as MEDLINE, EMBASE, PSYCINFO and SPORTDISCUS. Our intention was to provide a scoping review to get a feel for the state of the literature. We feel that we have achieved this and while a more extensive search may identify more studies it is unlikely, with the exception of PSYCINFO and changes in mental status, that further life-change events have been studied than those reported here. A second weakness of the studies reviewed was that only 6 of the 19 reported data from longitudinal studies, and three of those from the same dataset.
This limits the generalizability of the findings considerably as does the reliance on selfreported recall of PA levels before the lifechange event of interest in the 13 cross-sectional studies. This is a particular concern as there is some concern that participants over estimate their levels of PA in self-report studies (Ainsworth and Levy, 2004) . In addition, measures of PA may not be specific to the types of PA, for example, undertaken by young parents.
We were surprised at the limited number of life events covered by this research. Potential areas for future study might include change from junior to secondary school and from secondary school to further and higher education; fatherhood; bereavement; and so on. A secondary aim of this study was to populate a list of all possible life events which may affect PA as a first step in developing future research. This exhaustive list can be found in the on-line appendix to this paper.
Many governments in developed countries have set ambitious targets for population PA. These targets reflect the increasing social, political and health policy importance of PA. Previous work with cross-sectional data has identified that there are differences in PA between differing age groups. (Allender et al., in press ). Any attempt to increase or even reverse trends in population PA must address the impact of changes in life events or life circumstance on PA participation.
CONCLUSIONS
Recent increased attention and importance attributed to PA by governments at local and national level is welcome. Recent trend data from the UK suggests that current interventions to promote sport and PA are inadequate (Allender et al., 2006a, b, c) . This review suggests that life change events do affect participation in PA and, in light of changing participation rates, forms an important and neglected area of study.
